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(57) L' invention porte sur une unite modem, 
habituellement sans fil, comport ant un port 
bidirecticmnel pour donnees numeriques, un modem, un 
emetteur-recepteur et un microcontrdleur programme 
pour contrdler runit£ conformement & un programme de 
contrdle. L 'unite modem comprend un mode de 
commande. Le microcontrdleur est programme pour 
reconnaitre, au moyen d'un prtfixe, certaines 
commandes comme etant des commandes a distance 
qu'il retransmet a une unite modem a distance plutdt que 
de leur repondre local ement II est 6galement 
programme pour surveiller les parametres d' exploitation 



(57) A modem unit, typically a wireless modem unit, has 
a bidirectional digital data port, a modem, a transceiver, 
and a microcontroller programmed to control the unit 
according to a control program. The modem unit has a 
command mode, and the microcontroller is programmed 
to recognize certain commends by means of a prefix as 
remote commands and retransmit them to a remote 
modem unit rather than acting on them locally. The 
microcontroller is also programmed to monitor operating 
parameters of the modem unit and optionally to insert 
data relating to these parameters into a prefix to data 
strings transmitted by the modem unit and strip such 
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de l'unite modem et pour tnserer, au choix, des donn6es 
sur ces param£tres dans un prefixe de chaines de donn^es 
transmises par l'unite modem et retirer de tels prefixes 
des chaines de donnees re<?ues par i'unit^ modem. En 
outre, le microcontroleur commande les commutateurs 
qui determinent l'acheminement des donnees entre le 
port, ie modem et le microcontroleur, de sorte que les 
fonctions susmentionnees puissent etre mises en oeuvre. 



prefixes from data strings received by the modem unit. 
The microcontroller controls switches which determine 
the routing of data between the port, the modem and the 
microcontroller so that the above functions may be 
implemented. 
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ABSTRACT 

A modem unit, typically a wireless modem unit, has a 
bidirectional digital data port, a modem, a transceiver, and a 
microcontroller programmed to control the unit according to a 
control program. the modem unit has a command mode, and the 
microcontroller is programmed to recognize certain commends by 
means of a prefix as remote commands and retransmit them to a 
remote modem unit rather than acting on them locally. The 
microcontroller is also programmed to monitor operating 
parameters of the modem unit and optionally to insert data 
relating to these parameters into a prefix to data strings 
transmitted by the modem unit and strip such prefixes from data 
strings received by the modem unit. The microcontroller controls 
switches which determine the routing of data between the port, 
the modem and the microcontroller so that the above functions may 
be implemented. 



This invention relate, to mod J. 1 a$7par4ill»rly to wireless 
™ deM . that is, modems designed to transit digital data over 

radio links. 

Tvoioallv wireless modems have been relatively unsophisticated, 
Z Si, comprising a cognation of a modem similar to those 
«Z to transmit data over voice telephone lines with a radio 
used to transmit o radiotelephony . 

transceiver Similar to those u tended 
particularly when such modems are used tor un 
Particular y talMBtr y system, and a monitoring 

Q ^Z TL been difficult to monitor the onaiity of the 
^ t the proper operation of the modem, both during set- 
up or maintenance of the system and during actual operate. 

««. is therefore an increasing d«»and for an economical 
Treless modem which allows for such monitoring. In ^order that 
I reless modem, from different source, he interope *"£J£ 
, „ rt..irable that such modems should utilize standardised 

ITTp^.. enabling modem* of different ~~ to 

intercommunicate . 

* e ah obiect of the present invention to provide a wireless 
It is an ob 3 ect of \ P . of provi ding diagnostic data 

modem which provides the ^P^ 111 ^ = p J set up and 

both in a command mode usea to »cw 
over a wireless ^ ^^^^ wit hin the framework 
test the modem, and during common de iiver such 

<= a defined communication protocol, and to deliver 

IgnosTU independently^ - ^ ^a "om 

which is capable of setting up and obtaining ai gn 
a remote modem of similar design. 

«M,r«t- asoect of the invention, a modem comprises 
According to a first aspect of . transceiver, and a 

a bidirectional serial dig ^<£L^~ -om said interface 
modem receiving digital data to plating a transmitter 

- «— ^ " ™£ SCrSU analog 
° £ ""frTa" ^iver or ="7 transceiver to received digital 
L» P rolled "said port, said modem unit further comprising 
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a microcontroller connected to provide to said modem data to be 
modulated and transmitted and to receive received or demodulated 
data from said modem, and switches controlled by said 
microcontroller determining whether said modem receives data to 
be transmitted from the microcontroller and/or the port and 
whether the modem passes received data to the microcontroller 
and/or the port. 

According to a second aspect of the invention, in a modem unit, 
comprising an external data port, a modem, a transceiver, and a 
microcontroller controlling the passage of data sequences to be 
transmitted from the port through the modem to the transceiver, 
and received data sequences from the transceiver through the 
modem to the port includes the wireless modem unit, the 
improvement wherein the microcontroller includes means to sense 
plural operating characteristics of the modem, wherein the 
microcontroller may be set up to delay a data string from the 
external port while it delivers to the modem a diagnostic header 
containing data as to said operating characteristics, and wherein 
the microcontroller if so set up is also set up to delay 
admission to the port of a data sequence received from said 
transceiver and modem while it diverts to itself a diagnostic 
header prepended to said received data sequence. 

According to a further aspect of the invention, a modem unit, 
comprising an internal data port, a modem, a transceiver, and a 
microcontroller having an online mode controlling the passage of 
data sequences to be transmitted from the port through the modem 
to the transceiver, and received data sequences from the 
transceiver through the modem to the port, the microcontroller 
also having a command mode in which it interprets data sequences 
received through the port and executes commands comprised by 
those sequences, includes the wireless modem unit the improvement 
wherein the microprocessor is configured in command mode to 
recognize data sequences from the data port having a particular 
first prefix as a command to construct a data sequence 
incorporating a command and the address of a remote modem unit 
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hv the original data sequence and itself having a 
comprised by **** a8 containing a command, and to 

further prefix ldentlfy1 ^ through the modern to the 

send th e J~ is configured to 

transceiver; and ^herein ^ ^ ^ and the 

recognize data serene contain ing either a 

modem and having such a furtner P 
command or a response to command. 

... of the invention will become apparent from the 
Other aspects of the invent oreferred embodiment of the 

following description of a ^^ Y t ^~ 6xmitiaq§ in which: 
invention with reference to the accompanying drawing, 

Pigure 1 is a bloc* schematic diagram of a modem in 
accordance with the invention. 

„ ,r,-it- in accordance with the invention comprises 
A ^ical modern -i -ceo ^ ^ ^ pas8ed fcQ ^ 

3 S6ria , unit fr- an external unit such as a telemetry 

from the modem unit £rotn modem proper comprising a 

d evice or a supervisory ^ ^ a transce iver 

TZrJ^Z^ -Tthe case of a wireless mCem, the 

<~ a is a radio transceiver as shown, 
transceiver 8 is a w^" 

namely RTS, CTS. DTR and DCD. Data le ^ 18 ^ 8tandard8 , are 

, * -i« accordance witn Rb^* 

.ill typically * » comparable with ^ modem l<*ic 

indication (RSSI) . 

xne microcontroller 10. which ^^JJJ'^^^JS? 
Motorola, comprise, a microprocessor ^» erasable R0 „ 

read only memory (ROM) incl lng a number 

or eepROH) . and various peripheral function 
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of input and output lines, analog to digital converter channels 
and a watchdog function, integrated into a single chip. 
Reference to a microcontroller in this specification should not 
be considered as excluding usage of a microprocessor and separate 
memory and peripheral chips to provide required functions. 

A group of output lines from the microcontroller is used to 
control tristate buffer gates 12, 14, 16, 18, 20 and 22, which 
control respectively a connection between the TTL level TXD 
signal and input to an asynchronous to synchronous converter 24A 
providing an input to the modulator section 6A (gate 12), a 
connection between the input to converter 24A and an input 60 to 
the microcontroller programmed to accept serial data (gate 14) . 
a connection between the input to converter 24A and an output 62 
from the microcontroller programmed to output serial data (gate 
16) , a connection between an output from a synchronous to 
asynchronous converter 24B, which receives an output of 
demodulator section 6B, to the RXD TTL level signal (gate 18) , 
a connection from the same output to the input 60 of the 
microcontroller programmed to accept serial data (gate 20) , and 
connection between the serial output line 62 of the 
microcontroller and the RXD TTL level signal line (gate 22) . 
Accordingly, by suitable control of these gates, the TXD line may 
be connected to the modem modulator and/or to the microprocessor, 
a signal from the microprocessor may be passed to the modem 
modulator, and/or to the RXD line, the microprocessor may receive 
a signal from the TXD line and/or the modem demodulator, and the 
RXD line may receive a signal from the modem demodulator and/or 
the microprocessor. These connections permits very versatile 
operation of the modem unit under firmware control . 

The modem modulator function in the example described is to 
receive a synchronous data signal and modulate it to provide an 
analog output signal modulated in a selected mode, which in the 
embodiment described is MSK (minimum shift keying) when the data 
rate is 1200 or 2400 bits/sec and DGMSK (Differential Gaussian 
Minimum Shift Keying) at 4800 or 9600 bits/sec. 7-bit scrambling 
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10 



IS 



20 



25 



of the signal is applied to provide differential OMU encoding 

of the dafa when DGMSK is used so as to avoid unfavourable data 

Sterns introducing undesirable component, into the modu , ed 

signal . The modem demodulator provides elementary 

aT unscrambling functions. The modulator and 

function, may be implemented by a suitably configured ASIC, or 

^utiiisi.* — u» '- iiabie tn ™ ^ 

resistance ladder 26 constructing an analog output signal from 
parallel outputs of the modulator 6a. 

The asynchonous to synchronous and synchronous to asynchonous 
con«r^r72« and 24B associated with the modem modulator and 
orator respectively may conWently be implied by the 
MC145428 chip from Motorola. 

Tb, radio transceiver 8 may be of conventional construction 
navinTregard to the ch«mel frequencies modulation technique and 
rZ,rto b« utilized, conveniently, low level modulation and 

* — - —-re * ~zrz\ 

for example. 3«2^ ^*J^J^ ^og 

P52 module from Motorola . mis IUUUUJ> r . n . „ 

LTfrom the ladder 26 after amplification stage. 30 and 32 
^inrr^nfand buffering respective A gain control 

^rcontrol. "nT^itud. of the signal applied to the 

r^r and thTth. -^-T^r 
rroirrogr-r^nr j «~- - — 



30 



of the data. 



filter 38, and an «■ ^ 

switched by analog gates 42 44 providi ng input to 

followed by peak detectors 46 and a slicer p 



the demodulator 6B. 



me microcontroller !0 is also prog^ed to perform additional 
monitoring and control functions through «S» 
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lines. Thus it receives on input lines channel selection signals 
which may be applied on lines CS through the same connector that 
implements the external port 2 of the modem or by switches (not 
shown) , and translates these signals into synthesizer control 
5 signals applied through output lines SYN to a synthesizer in the 
RF module of transceiver 8. These control signals, including a 
synthesizer clock, will be calculated independently according to 
whether the transceiver is transmitting or receiving. Typically, 
the transceiver will transmit and receive on different 

10 frequencies, and in a network of modems a master unit will 
transmit at one frequency and receive at the other, while slave 
units will have reversed frequency usage. This means that the 
master unit can transmit to any slave unit, and any slave unit 
can transmit to the master unit, but the slave units cannot 

15 communicate with one another. A number of input lines to analog 
to digital converters incorporated in the microcontroller 
interface are connected directly, or through interface circuits 
(not shown) so as to monitor transceiver operation, power 
supplies 54 to the transceiver required for its proper operation, 

20 and other factors affecting transceiver operation such as a 
temperature signal TEMP-M from a temperature sensor 50, Other 
parameters sensed include the presence of carrier (CD) from the 
transceiver. 

The signals whose levels are monitored by the A/D converters in 
25 the microcontroller are power supplies to the transceiver namely 
a transmitter power supply XMIT_+ and an SW_+ supply, as well as 
a fused input supply F_B+ from which all other supplies to the 
modem are derived, a 5 volt supply TX_5V to the transmitter 
logic of the transceiver, a 5 volt supply to the remaining modem 
30 logic, and a supply ANAVCC to the analog circuits of the modem. 
A received signal strength index (RSSI) signal from the 
transceiver is also level monitored. 

Control lines PTT to the power supply 52 determine whether the 
transmitter power supply outputs (and thus the transmitter) are 
35 active. 
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10 



15 



20 



25 



n * the various microcontroller inputs and outputs 
*" T^lZT^iW^a register, and an ID number 

tne EBPROM of the microcontroller for use 
transmissions from the modem. 

, ha provides conventional wireless modem 

in operation, the modem previa < wireless modems 

„ warvwardlv compatible with existing 
function.. ™*»"^* nation cachniou.. and radio 

u8ing blC ra tut a Characterized by it. capability of 

^/rTt""^ up and ----- - 

PUrP ° 8 1 Sat , network o£ at least two .irel... modem unit. 

receive diagnostic data. 

. unit is capable of operating in a normal on-line mode 

Bach n ^em unit - cap ^ f ^ ^ ^ air 

in which it encocee an ^ mother modem unit 

receive, data packet. tran»itted on air - ic 

^ decode, and pa..e. «. ccJnd «=de in 

'Vtr/ri™. ocT^ "-a =^t.r connected to the port 
which it receives comm«"» response to those 

2 - ^rr^r^™ " " — - 

commands. Typically, mooem cotnmand8 a re applied to 

nwodes which enable remote set W » a command 

_, „ „iaeed in command moae may "° 
a modem unit placea in the command as a remote 

pre t i*ed by a ^ * a «~« modem, and 

Id^;.. 1 ^ rite modern unit by it. *> number. On 
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recognizing a remote command, the modem unit incorporates it into 
a data record or packet identified as a conmand record and 
addressed to the destination modem unit, and transmits it on air. 
A listening modem unit which identifies the record as being 
addressed to it will recognize the record as a command record, 
act on the command, and will transmit an acknowledgement or 
response record to the command, addressed to the sending unit and 
identified as a response to a command record. A preferred 
command protocol is set out in more detail below. 

The unit receiving commands from the RSS is considered the master 
unit and a remote unit as a slave unit. The master initiates 
communication and the slave which is addressed will always 
respond in some way if it is functional and within range. 

For every command issued to the slave, some response is generated 
and sent to the master and hence to the RSS. If no data is being 
returned, then a R8 (error report) message is returned with 
(assuming no actual error) an OK message (0) within it to 
acknowledge the command. The unit may then transmit a test tone 
of some sort if that was required by the command. 

If data is to be returned to the master, then a sequence of Rl 
records is generated by the slave, one carrier sequence per 
response, then an R9 end of data record is sent. An R8 record 
will be issued as for all responses at the very end of the 
response. The above R-type (return) records are of the format 
already standardized by Motorola, as are the S-type (send) 
records referenced below. 

The RSS may see echoes of its own commands being sent to the 
remote unit and these echoes must be discarded by the RSS* A 
timeout of about 3 seconds is used by the RSS software in waiting 
for a response from the remote unit. 

The variable length on air record consists of the following 
elements : 
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72 bits (9 character) packet preamble (DaTaRaDiO in ASCII) 
bits (2 bytes) length of bytes to folio., ^bbyte fir 
32 bits (4 bytes) destination ID, ^J****^^ 
32 bits (4 bytes) origin ID, binary data, high byte first 
I bytes AS«I text (setup conu-and (no CR) . see below) 
16 bit CRC for all bytes previous to this word. 

The ASCII set-up commands and response set follow below. Those 
^Uy cctceLd with diagnostics are — ed with an astern. 

* it bit CRC (cyclic redundancy check) is calculated in a 
A 16 bit CRC icyc .-c.cdTT implemented in the firmware 

conventional manner using CRC ccrrr imp 

of the controller. 
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C roPTBST Set Watch dog test 

SsBTI *° rces reset , i 

,c *RSSI Asks for RSSI level 

15 d I DB Dump whole eeprom 

Dump whole ram 
E£ Dump conf ig register 

xx sees ♦ Mrr :. r hex seconds 

•CARRIER «jc tor ^ e ; t =^ 1 S. 1, S 1 tran.mi.aicn 

♦PSDDOxx ask tor a SraflK user area only 

FACTORYDBPADLTS R«£oreS ggSlS BBPROM SPACB 
COI^DEPADLTS wr i te s for product 

Analog measurement reset 
Dump Analog values 

£ Ef£k£ SIM. (cne<*. 

3= » ^""s^TfrSS.Sr^ £ rrfio <d»mp> 

|! so format being the radio (dump) 

5? SI format being returned iron t 0 

R8 T ^a?"^ran.ftr^l"T(.ft.r e«e Rl's, 

45 WARPBEXX (o ptional) 
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The ANS string is prefixed automatically by the controller 
firmware of the remote unit to any response string to be sent to 
output port of the master unit before the response is transmitted 
by the remote unit. 

The following set-up command prefix is used by the RSS to 
indicate to the firmware of the master unit that it should pass 
the command to a remote unit and will be stripped from the 
command before it is sent to the remote unit. 

REM00000000 Prefix any command going to the set-up port with 
the destination address. 

All command strings are generated using only upper case 
characters . 

The data loaded/returned in Sl/Rl records is a function of the 
programming of the units and is interpreted accordingly. 
Examples are shown below. 

Kxaaple It 

Make the local radio transmit one 'fox' test line. 
Put the radio into set-up mode. 
Send the string »PSUD001<CR>" to the unit. 

Unit will respond with R80200PD<CR><IiF> and 
then transmit one banner and one fox line. 



Bxanple 2: 

To ask remote unit ID 3 from unit ID 1 to dump analog 
values, the command AS with the REM. . .prefix or RBM00000003AS<CR> 
is presented to the master unit which in turn sends over the air 
a command packet with a destination address of 3 and a return 
address of 1, as follows: 

preamble, length, dest.ID, origin ID, command, crcl6 
DaTaRaDiO(OxOOOA) 0X00000003 (0x00000001) AS (OxD4Cl) 
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„„ th . unit 3 could return a byte (in practice nore 
rJ'^.cuaTpr^.Xy be returned, and 2 closing packet, in 

Motorola format: 

complete: 

OaTaRaDiO ,0x0017, ,0X00000001, ,0*00000003. ANSRSOBOOOO^CRxL^ 
foUowed by the R8 (done, ready for more =°-and"> record, 
BaTaRaDiO.OxOOlS, ,0x0000000!, ,0x00000003, *H8R.0200F D <CR,<LP, 
It should be noted that responses have the MB prefix. 

. data on a continuing basis from 

up mode, it is a feature or ^ ^ by 

len^^TrtaX^c data. «. . can be 

^.v-, -eve ^ 

and tbe handshaking Ime. of 2 ' 

i8 to be sent £1, JL ™ Une. the 9 *t. 

«an^ssi» a. ^ca«d by ^ J> ^ ^o.tic data - 
16 is activated so that «• converter 24A before 

m °r\r 1?^:^ - be * p...- « 

the CTS line is raisea an , iltewise wne n a data sequence 

converter ^ through gate < ^ - ^ duratlon o£ the 

is received, the gat. 20 is acti e ^ ^ ^ the 

he«ler before the D» lx- U r.l»d Mta recovered 
^tion of**a and £lrTO .re may be 

from the header by •» 22 . oat. 14 is 

trotted "^r^ll the ^crocontrouer to receive data 

used in command mode to allow cne uu. 
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from the port 2. 

A preferred online protocol for the construction of the 
diagnostic header is described further below. 

Online diagnostics provide for the transmission of up to 6 
statistical data items to other units while normal user traffic 
or command packets are being transmitted. This is done by 
inserting this record just before the user equipment attached to 
the port 2 of the modem is released to send its data. The 6 items 
are normally those indicated below but the protocol is expandable 
to many other items or formats. 

The six normal items are selected from the data monitored by the 
A/D inputs of the microcontroller, or data computed by the 
microcontroller, and are: 

last RSSI reading 
last TEMP_M reading 
last main B+ reading 

last confuted quality index for the receiver on the channel 
last fwd power (if this signal is available from the 
transceiver) . , 

last rev power (if this signal xs available from the 

transceiver) 

The protocol multiplexes 6 bytes per transmission. Normally only 
1 transmission is necessary to send the required data, but 
extensions to more than 6 items could take more packets. 
Each receiving unit stores the 6 items while user traffic is 
being transmitted. 

Either all units must send the diagnostic header or none may as 
there is no way for its presence to be predicted by a receiving 
unit. 

The preferred protocol defines a 72 bit header multiplexing 6 
data items as follows: 
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7 repeater flag (keep/replace this data) 
6 bit 9 

5 bit 8 of ID address 

4 ID address greater than 1023 (truncated) flag 

3 2 spare bits which are to be set to zero 

l"o 2 bit code indicating what the 6 bytes are carrying: 

00 rssi temp b+ quality, bytes 5, 6 are empty 

01 rssi temp b+ quality, fwd, rev powers 

10 spare, to b determined at a future time 

11 use first data element as an extension code 

15 . 8 low address bits of source ID for this data which 

23.. 16 first W byte data element or extension codes for 

bvtes 2 . . 5 . 
31. .24 second data or first data when extensions are in 

use 

39 . . 32 third " 
47. .40 fourth " 
55. .48 fifth ■ 

Vi"\l checksum value so the sum of all bytes including 
this one remains at zero mod 256. 



When an online data sequence is received, a unit will strip off 
the 72 bits, process the data if required and present the 
remaining user data to the user port. 

The quality index is computed as the ratio of a count of the 
number of good records received to the total number of times at 
least 9 bytes were received with online diagnostic mode enabled. 
This provides an indication of the link quality and is returned 
by the firmware. 



_ 3: 

Preamble transmitted before user data. 

truncated bit not set in flags) 
0xC3 rssi in raw (hardware) units 
Ox70 temp in raw units 

SSI SJS?&£ <« SK«~ aa tecelved 

0x4D forward power in raw units 
0x07 reverse power in raw units 
0xB9 checksum 
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The arithmetic sum is 0x400, and as the mod 0x100 of 0x400 is 
zero, this packet is deemed good. 

The firmware programmed into the SBPROM memory implements the 
functions discussed above using conventional techniques used for 
programming embedded microcontrollers, and need not be described 
in detail particularly since much of it employs routines similar 
to those utilized in the control of known modems. Certain 
routines relevant to the novel aspects of the applicants' modem 
are however set forth in the following pseudocode. 

PSEUDO CODE 

The following tasks describe in general terms what are the normal 
procedure for the transport of command data using a half duplex 
link. The command packet protocol follows a basic master slave 
sequence, where one unit initiates a sequence as master unit. 
Every command issued across the network requires a R8 response 
record to be returned. 32 bit addresses permit selection of a 
any unit. If data is being returned in response to a command the 
R1/R9 data sequence will be followed by the R8 record* 

main task: 

main init task 
run in parallel 

rx task 

tx task 

setup task (local port) 
fill queue (incoming user data) 
fill queue (incoming secondary command data) 
empty queue (outgoing user data) 
empty queue (outgoing secondary command data) 
forever 



main init task: 

setup hardware 
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init operating system 

init all variables for other tasks 

done 



setup task: 

if (setup_command_found_waiting) 

parse and execute command 

done 



tx task: 



if ( need_t o_t r ansmi t ) 
prepare hardware 

key transmitter 

wait until turn on (tl) time has passed 

if (ONLINE mode) 

build preamble 
send preamble 

wait until all bytes have gone out 

wait until at least one synchronous flag time passed 



repeat 

if (coramand_to sendjpending) 

build command packet from incoming secondary data 
send command packet 
wait until command packet transmitted 
if (incoming user data) 

send incoming user data 
until not (need_to_transmit) 

wait until turn off (t2) time has passed. 

unkey transmitter 

done 
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rx task: 

if (carrier_found) 

prepare hardware 

wait until clamp time has passed 

if (ONLINE mode) 

receive preamble 

demultiplex preamble 
repeat 

receive user data 

if (user data is command) 

parse and execute command 

else fill queue (outgoing user data) 
until not (carrier_found) 

if (delayed command execution) 
execute delayed command 

done 

build preamble: 

Build up a multiplexed data preamble record as follows... 

7 repeater flag (keep/replace this record) 
6 bit 9 

5 bit 8 of ID address 

4 ID address greater then 1023 (truncated) flag 

3 . . 2 spare bits which are to be set to zero 

1..0 2 bit code indicating what the 6 bytes are carrying... 

00 rssi temp b+ quality, bytes 5,6 are empty 

01 rssi temp b+ quality, fwd, rev powers 

10 spare, to be determined at a future time 

11 use first data element as an extension code 

15 . . 8 low address bits of source ID for this data which follows 
23.. 16 first byte data element or extension codes for bytes 2.. 5 

16 
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31.. 24 second data or first data when extensions are in use 
39.-32 third " 
47 . .40 fourth ff 
55.. 48 fifth " 
63. .56 sixth ■ 

71. .64 checksum value so the sum of all bytes including this one 
remains at zero mod 256. 

. . . and convert to n bytes . 
done 

receive preamble: 

accept exactly n bytes required for preamble 

done 

demultiplex preamble: 

using multiplex record defined above decode data 
store as part of locally maintained statistic record 
queue to secondary command port if required 
done 

encode command packet: 

The variable length on air record is defined by the following 
elements. Data is converted to async data before actually going 
on the air. 

72 bits (9 character) packet preamble (DaTaRaDiO in ASCII) 
16 bits length of bytes to follow, high byte first 
32 bits destination ID, binary data, high byte first 
32 bits origin ID. binary data, high byte first 
n bytes setup class command 
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16 bit CRC for all bytes previous to this word. 
(x A 16 + x A 15 + x A 2 +l) 

done 

decode command packet: 

check that data follows the encoding command packet protocol 
if (checks ok) 

execute command 

done 

parse and execute command: 

Check which one of the setup commands listed above needs to 
be executed. 

GRAMMAR for COMMAND and RESPONSE String Assembly: 



online transmission [preamble] [user data | ccmmand packet] 
regular transmission [user data | command packet] 



preamble 



[<72 bit record defined above >] 



user data 
command packet 



[<any user data>] 

[DaTaRaDiO] 

[<16 bit length>] 

[<32 bit destination address>] 

[<32 bit origin address >] 

[answer string | command string] 

[<crc<x A 16 + x A 15 + x A 2 +1)>] 



answer string 
commands string 

setup 

load data radio 



[ANS] [< command string>] 

[<setup>|<load data radio>|<load data rss>] 
[<R8 record>] 

[< commands from list above>] 

[<load data radio] | [SI record>] [<S9 record>] 
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load data RSS t<load data RSS>] | [Rl record>3 [<R9 record>] 



Si record 
Rl record 



R9 record 
R8 record 



Standard Motorola Si record with checksum. 
Same as Si but the S is replaced with a R 
so external software can tell echoed data 
from outgoing data. 

Same as Motorola S9, end of data mark from 
radio . 

Same as Rl record but the 8 denotes error 
codes contained instead of data items. 



S8/R8 
codes 



records transport one or two byte from the following 



S8/R8 record Brror codes: 



SB8_N0 ERROR 
S 8E_BADCOMMAND 
S8B_BADDATA 
S8B_BADCKSUM 
S 8 E_BADADDRES S 
S 8 E_EMPTY_ERROR_CODE 99 
S8B RSSI_CODB 128 



0 
1 
2 
3 
4 



OK, command received and accepted 
Illegal command for addressed unit 
Non hex char found in SI strings 
Si string checksum failed check 
SI record address out of range 
Empty record, no code present 
Next byte is rssi (signal 
strength) value 



S8/R8 record I<S|R>1 18021 l<error code>] [<checksum>) 

R8 RSSI record IR80380] [<signal strength*] [checksum*] 

It will be appreciated that the description provided above is 
exemplary only of the presently preferred embodiment of the 
S£^d changes both to the modem hardware, the protocols 
^pxoyed and in the operation of the modem may be made within the 
IcopTof the invention, the use of which is not necessarily 
restricted to wireless modems. 
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THE EMBODIMENTS OF TEE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARB DEFINED AS FOLLOWS: 

1. A modem unit comprising a bidirectional serial digital data 
port, a transceiver, and a modem receiving digital data for 
transmission from said interface and converting it to analog 
signals for modulating a transmitter of said transceiver, and 
receiving and demodulating analog signals from a receiver of said 
transceiver to received digital data provided to said port, said 
modem unit further comprising a microcontroller connected to 
provide to said modem data to be modulated and transmitted and 
to receive received or demodulated data from said modem, and 
switches controlled by said microcontroller determining whether 
said modem receives data to be transmitted from the 
microcontroller and/or the port and whether the modem passes 
received data to the microcontroller and/or the port, and whether 
the microcontroller receives data from the modem and/ or the port. 

2. A modem unit according to claim 1, further including control 
and handshaking lines connected between the port and the 
microcontroller . 

3 A modem unit according to claim 1, further including means 
monitoring operating parameters of the modem unit, and connected 
to the microcontroller, and control lines for the transceiver 
connected to the microcontroller* 

4. A modem unit according to claim 1, wherein the transceiver 
is a radio transceiver. 

5. A modem unit according to claim 1, wherein the 
microcontroller is responsive to a signal on a control line from 
the port to the transmitter to place the modem in a command mode 
by operating switches to connect the microcontroller to receive 
data strings representing commands from the port, and the 
microcontroller is programmed to recognize a prefix to certain 
commands identifying them as remote commands, and to respond 
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thereto by operating switches such that the modem receives data 
to be transmitted from the microcontroller and retransmitting 
such commands to the modem. 

6 A modem unit according to claim 3, wherein the 
microcontroller is programmed to optionally prepend a header 
containing data from said monitoring means to data strings 
passing through the unit from the port to the modem, and to strip 
headers containing such data received from another modem from 
data strings passing through the unit from the modem to the port. 

7 a modem unit comprising an external data port, a modem, a 
transceiver, and a microcontroller controlling the passage of 
data sequences to be transmitted from the port through the modem 
to the transceiver, and received data sequences from the 
transceiver through the modem to the port, wherein the 
microcontroller is connected to sense plural 
characteristics of the modem, wherein the microcontroller has the 
capability of being set up to delay a data string from the 
external port while it delivers to the modem a diagnostic header 
containing data as to said operating characteristics, and wherein 
the microcontroller if so set up is also set up to delay 
admission to the port of a data sequence received from said 
transceiver and modem while it diverts to itself a diagnostic 
header prepended to said received data sequence. 

8. A modem unit according to claim 7 wherein the transceiver 
is a radio transceiver. 

, A modem unit comprising an internal data port, a modern^ 
transceiver, and a microcontroller having an on-line mode 

oTromng the passage o £ data scenes, to he transmitted from 
the port through the modem to the transceiver, and reeved data 

eouence. erorn the transceiver through the modem to the £«. * 
microcontroller also having a command mode in which it mterprets 
dt» se™ences received through the port and executes commands 
comPrlsT^ those seouencee, the improvement whereu. the 
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microprocessor is configured in command mode to recognize data 
sequences from the data port having a particular first prefix as 
a command to construct a data sequence incorporating a command 
and the address of a remote modem unit comprised by the original 
data sequence and itself having a further prefix identifying it 
as containing a command, and to send the constructed sequence 
through the modem to the transceiver; and wherein the 
microcontroller is configured to recognize data sequences 
received from the transceiver and the modem and having such a 
further prefix as containing either a command or a response to 
a command. 

10. A modem unit according to claim 9, wherein the transceiver 
is a radio transceiver. 

11. A modem unit according to claim 9, wherein the 
microcontroller is connected to sense plural operating 
characteristics of the modem, wherein the microcontroller has the 
capability of being set up to delay a data string from the 
external port while it delivers to the modem a diagnostic header 
containing data as to said operating characteristics, and wherein 
the microcontroller if so set up is also set up to delay 
admission to the port of a data sequence received from said 
transceiver and modem while it diverts to itself a diagnostic 
header prepended to said received data sequence. 

12. A modem unit according to claim 11, further including 
switches controlled by said microcontroller determining whether 
said modem receives data to be transmitted from the 
microcontroller and/or the port and whether the modem passes 
received data to the microcontroller and/or the port, and whether 
the microcontroller receives data from the modem and/or the port . 
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